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Metallothionein Based Neuronal Therapeutic 
and Therapeutic Methods 

Introduction to the Invention 
5 This invention relates to the use of metallothionein as an active ingredient in 

effecting and enhancing recovery of damaged neuronal tissue, particularly following 
physical trauma and damage thereto. The invention provides a therapeutic 
incorporating metallothionein and methods of treatment based thereon. 

10 Background to the Invention 

Metallothionein (MT) is a naturally occurring peptide, which is present in most 
ceils of the mammalian body. There are many isoforms in humans, but these resolve 
into four classes; MT-I and MT-H which are expressed widely, MT-DI which is mainly 
found in the brain, and MT-IV which is restricted to specific epithelial sites. MTs are 

15 intracellular proteins with occasional nuclear localisation, and although there are 
persistent reports of extracellular detection of MT, the prevailing dogma is fixed that 
their physiological role is within cells. 

MTs are metal binding proteins (61-68 amino acids), which normally bind seven 
zinc ions, although zinc/copper mixtures have been reported. Some isoforms are rapidly 

20 induced in response to increases in zinc or copper levels, and also by a large number of 
hormones and cytokines, including glucocorticoids, interleukin 1 and 6, interferons and 
so on. Their exact physiological role is unclear. Early suggestions that they act to 
prevent accumulation of toxic levels of heavy metals are no longer favoured, and if 
their role is indeed in metal metabolism, it is more likely that they are involved in the 

25 intracellular homeostasis of zinc. However, MTs are efficient scavengers of free 
radicals and are able to protect DNA and other molecules from oxidation, suggesting 
that their function may be protective. MTs may be considered intracellular stress 
proteins which respond to a wide variety of stimuli. 

It is relevant that MT-I/II knockout animals, and those which overexpress MT-I 

30 and MT-H are phenotypically normal, except for sensitivity and resistance, 
respectively, to some chemical and physical stresses. 

Deficiency of MT-III, the "brain-specific" class of MT, has been implicated in 
the pathogenesis of Alzheimer's disease, although this finding has been strongly 
disputed. MT-III reduces neuronal survival, and the applicants have shown that, when 

35 MT-III is added to cultured neurons it reduces neurite sprouting. Exogenous MT-III 
appears to have an opposing effect to MT-IIA and it is expected that comparison of 
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their structures will reveal strategies for designing analogues of both which have 
specific neurotrophic properties. It has been shown that exposure of rat brain lesions to 
MT-III causes vacuo lis ation, consistent with extensive neuronal death. 

5 Metallothionein and Heavy Metals 

There is a large body of literature on the relationship between metallothionein 
and heavy metals, particularly cadmium. MT was originally isolated as a cadmium- 
binding protein, and it is known that it acts as the major intracellular sink for this toxic 
metal. Hence, people exposed to cadmium in the workplace or through contaminated 

10 diet will have elevated metallothionein levels, particularly in the kidney. There is no 
question that MT acts to protect cells against cadmium, however it is not an effective 
agent, nor is it likely that this is the actual physiological role for the protein: it is likely 
an adventitious property derived from the chemical similarity between zinc and 
cadmium. One consequence of this is the numerous studies of the pharmacokinetics of 

15 metallothionein bound to heavy metals, following various routes of administration. 

Whilst cadmiummetallothionein is (not surprisingly) toxic, it is not believed that zinc or 
copper-metallothioneins will have significant metal-based toxicity at the concentrations 
employed in the studies below. 

The applicants have examined the action of metallothionein proteins; including 

20 MT-UA, a major human metallothionein of the MT-I/II class. The studies found that 
administration of metallothionein to cultured rat neurons increases neuronal survival 
and enhances the rate of axonal extension. Furthermore, in iesioned rat brains, 
metallothionein enhances regenerative axonal extension into the lesions and 
replacement of damaged tissue. Accordingly, the use of metallothionein as an active 

25 ingredient in neuronal therapy provides a novel method of stimulating neuronal growth 
and neuronal survival, a novel class of therapeutic agents and a novel method of 
treatment for a range of neuronally based disease states. 

Moreover, metallothionein offers several practical advantages as a therapeutic 

agent. 

30 1. It is a naturally occurring, non-toxic protein 

2. It appears possible that intraperitoneally administered metallothionein can enter the 
CNS compartment, following physical trauma to the brain or spinal cord or breakdown 
of the blood-brain barrier due to other causes. 

3. Metallothionein is not post-translationally modified and hence can be easily 
35 produced in bacterial or other expression systems 
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4. Metallothionein is a small peptide (61 amino acids for MT-IIA, 68 amino acids for 
human MT-III) and it is very likely that a novel analogue which is amenable to 
chemical synthesis can be designed. 

5 Statement of the Invention 

In one aspect the invention provides a method of stimulating neuronal growth 
comprising exposing a target neuron to metallothionein. 

The target neuron is preferably placed in direct contact with a metallothionein 
solution. 

10 The target neuron may have suffered physical trauma including lesion or other 

forms of neurodegeneration. 

The metallothionein may be selected from any one or a combination of known 
metallothionein classes including MT-I, MT-II, MT-ffl and MT-IV and the associated 
isoforms. 

15 Most preferably the metallothionein is selected from MT-II including human 

MT-IIA. 

The metallothionein may be a synthetic analogue which combines structural or 
physical features of any or all known metallothionein isoforms. 

The metallothionein may be provided in solution at a concentration of up to 
20 about 5u,g/ml in a neurologically acceptable carrier. 

Administration of the metallothionein solution may include MT-IIA as the sole 
active ingredient. Alternatively, any one or a combination of the metallothionein 
classes and isoforms as detailed above may be used. Where combinations of 
metallothionein are used the different classes and isoforms may be combined in a single 
25 dose. Alternatively, the different classes may be administered sequentially. 

The administration regime may include initial administration of a solution of 
MT-HA followed by a subsequent administration of a solution of MT-IE. The 
administration regime may be limited to MT-IIA alone as the active ingredient. 
The method of the invention may be applied to a range of compromised 
- 30 neuronal states including diseased states and injuries. 

In another aspect the invention provides a method of treatment of any one or a 
combination of Alzheimers, Parkinsons, Motor Neuron Diseases, head injury, 
comprising the administration to a patient of a therapeutic including metallothionein as 
previously described as an active ingredient wherein said therapeutic is applied or 
35 administered so as to directly interact with the site of neuronal compromise. 
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In another aspect the invention provides a therapeutic composition comprising 
metallothionein in any one or a combination of isoforms, or as a synthetic 
metallothionein comprising features of one or more isoforms, as an active ingredient in 
a pharmaceutical^ acceptable carrier wherein said carrier is adapted for topical 
5 administration to an area of neuronal compromise. 

The composition may be adapted for direct topical application to exposed 
neurons or for administration to non-exposed neurons by indirect routes including 
intravenous or intraperitoneal administration, which result in accumulation of 
metallothionein in the compromised region of the brain or other part of the central 
10 nervous system. 

Detailed Description of the Invention 

Figure 1 shows some effects of human MT-EA on neuronal survival and neurite 
elongation of cultured rat cortical neurons. 
15 Figure 2 shows by immunocytochemistry the effect of human MT-EA on 

reactive neurite sprouting following axonal injury. 

Figure 3 shows by immunocytochemistry the effects of human MT-DA on 
reactive neurite sprouting following axonal injury. 

Figures 4 and 5 show the effect of human MT-HA on lesions in the rat neocortex 
20 formed by physical injury. 

Figure 6 shows the effect of human MT-m and MT-DA on neurite formation 
and initial neurite outgrowth of cultured rat cortical neurons. 

Figure 7 shows the effect of human MT-HI and MT-EA on the extent and rate of 
neurite elongation of cultured rat cortical neurons. 
25 Figure 8 shows the effect of human MT-m and MT-EA on the distribution of 

neurite length of cultured rat cortical neurons. 

Figure 9A shows immunocytochemistry the effect of human MT-EI and MT- 
EA on reactive neurite sprouting. 

Figure 9B shows by immunocytochemistry the effect of human MT-IE and MT- 
30 EA on reactive axonal growth. 

Figure 10 shows the quantitative effect of human MT-IE and MT-EA on 
reactive neurite sprouting and growth. 

Figure 1 1 shows by immunohistochemistry the effect of human MT-EA on 
axonal sprouting into a lesion site following physical injury in the rat neocortex. 
35 Figure 12 shows by immunohistochemistry the effect of human MT-EA on 

neuronal injury tract repair. 
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Figure 13 shows RGC survival following ON transection surgery 

Figure 14 shows a size frequently histogram of RGCs in retinal whole-mounts 

MT L/ri 'I Sh ° WS GA?43 ,abCl,ed 3X005 " Pf0XimaJ *»* n ™ of PBS and 
MT-I/II mjected arumals at 4 weeks after optic nerve transection surgery. Arrows 

indicate site of transection. 

ON JTo " S,MWS ,0Ca " On ° f " 0nS ^ ** ' — 4 — - 

^Figure ,7 fluoresce* i™ gK showi „ 6 DlI , abelIed RGC ^ ^ QN 
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The action of MT-IIA (a major human metallothionein of the MT-I/-II class) in 
two distinct culture models of rat cortical neurons, and in a rat in vivo model of cortical 
damage was examined. In culture, it was found that administration of MT-IIA increases 
neuronal survival, and enhances the rate of axonal extension. In lesioned rat brains, it 
5 was found that MT-IIA enhances regenerative axonal growth into the lesion, and 
replacement of damaged tissue. 

Metallothionein Action on Cultured Rat Cortical Neurons: 

Culture Model 1: Rat cortical neurons (El 8) were plated at low density in 
10 neurobasal medium + B27 supplement, including 150 ng/mi of a rat brain extract. 
Recombinant MT-IIA was produced (the major human metallothionein I/E isoform) in 
E. coli cultures and reconstituted as a zincthionein (7 moles zinc/mole protein). 

Culture Model 2: Rat cortical neurons (El 8) were plated at a higher density in 
15 Neurobasal medium + B27 supplement (but without brain extract) and cultured in vitro 
for 21 days, allowing the formation of neuronal clusters connected by fasciculated 
axonal bundles. 

Rat Cortical Injury Model: Focal injuries were performed to the adult rat 
20 neocortex by insertion of a 25gauge beveled needle into the Par 1 region of the rat 
somatosensory cortex to a depth of 1.5mm into the brain. 

The invention will now be described with reference to a selection of 
embodiments and examples and Figures 1 to 12. 

25 

Example 1 

Referring in turn to Figures 1 to 7 a series of experiments were conducted using 
the composition made up of 0. 1 to 5^g/ml of MT-IIA in a pharmaceutical ly and 
neurologically acceptable carrier. Such a composition when applied topically to a 

30 range of//? vivo and in vitro neuronal situations clearly demonstrates that MT-IIA 
functions as an active ingredient in enhancing neurite elongation. MT-IIA also 
dramatically increases the extension of processes between clusters following lesions 
formed by microscapel and ultimately demonstrates the ability of MT-IIA to have a 
dramatic effect on increasing the rate of recovery from physical injuries. Referring to 

35 Figure 1, the bar graph in Figure 1 A demonstrates that human MT-HA promotes 

neuronal survival in the presence of adult rat brain extract (150ug/rni) after three days. 
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(P < 0.0 1, ANOVA). Accordingly Zn-MT is not detrimental to the survival of cultured 
neurons. 

Referring now to Figure 6E and 6F, under the same conditions human MT-IIA 
does not increase the initiation of new neurite sprouting over three days, expressed as 
5 either the percentage of neurite bearing neurons as shown in Figure 6E or the number 
of neurites per neurone as shown in Figure 6F. (P > 0.01 ANOVA). This observation 
has important clinical ramifications as inappropriate sprouting of neurons has been 
associated with premature neuronal death. 

Referring now to Figure 7B the bar graph shows MT-IIA demonstrating dose 
10 dependent promotion of neurite elongation during this period. (P < 0.01, ANOVA). 

From the above experiments it has been demonstrated that MT-IIA is capable of 
enhancing neurite elongation of cultured rat cortical neurons without increasing the rate 
of undesirable neurite sprouting. 

Referring now to Figure 2 a culture of rat cortical neurons was maintained for 
15 twenty-one days in order to allow formation of clusters which are interconnected by 
fasciculated bundles of axons. The axons were cut with a microscapel and a 
composition as previously described, including recombinant MT-IIA, was added. The 
immunocytochemical results shown in Figures 2 A to 2D show that twelve hours after 
cutting the neuronal bundles with a microscapel there is a marked retraction by 
20 transected neurites from the lesion site (which is indicated with a broken line) of up to 
lOOum. Whilst in the absence of MT-IIA (fig 2A), there are very few neurite 
extensions, as assessed by NF-M immunoreactive processes (red) extending into the 
area of retraction (indicated by arrows) in untreated neurons, there are many in the MT- 
IIA treated neurons (fig 2C). Tau and pm-tubulin immunocytochemical analysis also 
25 indicates very few processes extending into the area of retraction (indicated by arrows) 
in the absence of MT-IIA (fig 2B). However, after twelve hours of incubation with 
MT-IIA at a concentration of lug/ml, these processes are significantly longer and have 
extended into the lesion site (fig 2D). 

Referring now to Figure 3 the experiments detailed in Figure 2 were repeated 
30 with a longer exposure period of eighteen hours to recombinant MT-IIA. Eighteen 
hours after cutting the axonal bundles, the tissue was assessed by immunocytochemical 
markers and analysis of neurite extension into the lesion. In untreated samples, shown 
in Figure 3 A, there is minimal neurite growth into lesion site. However, as shown in 
Figure 3C when a sample is treated with MT-IIA at a concentration of 1 ug/ml, the 
35 processes have completely traversed the lesion site with the immunoreactive processes 
shown in red extending from the neurite stumps indicated by arrows and have grown 
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towards the central lesion site indicated by the broken line. From this experimental 
work it has been demonstrated that MT-IIA promotes growth of NF-M immuno reactive 
processes which are indicated by the arrows across the central lesion site. Tau and pm- 
tubulin immunocytochemical analysis also indicates that a number of processes extend 
5 into the area of retraction indicated by arrows in untreated neurons. However, these 
processes do not cross the transection site shown in Figure 3B. MT-IIA treated 
samples shown in Figure 3D have been sufficiently promoted such that the growth of 
processes occurs and extends beyond the transection site indicated by arrows to the 
opposite stump of the transected neurite bundle. 

10 Accordingly, these experiments clearly show that MT-IIA dramatically 

increases the extension of processes, including axons between clusters. This occurs 
following lesion by microscapel and after eighteen hours of exposure to MT-IIA the 
axonal bundles have bridged the region between the clusters. This effect of MT-IIA is 
a result of a direct topical interaction between the protein, the neurons and the culture 

15 medium. 

Referring now to Figures 4, 5, 1 1 and 12 the action of MT-IIA on a rat model of 
cortical injury was investigated. The rat model of physical damage to the cortex has 
been previously developed by the inventors and extensively characterised in terms of 
neuronal damage, orthology, pathology and subsequent recovery. 

20 Figures 4, 5, 1 1 and 12 show the extent of the physical injury, and microglial 

invasion of the cavity. MT-IIA administration reduced microglial infiltration and 
promoted formation of a tissue bridge across the lesion, from the pial surface down. 
MT-IIA also promoted axonal extension into the lesion site. Very few axonal 
extensions were seen in the rats treated with vehicle alone (control rats). 

25 Figure 4 shows the global location of needle stick injuries as indicated in Panel 

A. Brain sections underwent immunohistochemistry against SMI-3 12 (green) and 
ferritin (red) 4 days post injury. Needle stick injury resulted in a large injury tract, and 
microglial migration into and surrounding the injury site (B). MT-IIA treatment 
reduced microglial infiltration, and promoted the formation of a tissue bridge enclosing 

30 the lesion site from the pial surface down, forming a teardrop like invagination (C). 
Microglia at the pial surface were small and round, in contrast to the large, amoeboid 
microglia observed in deeper cortical layers (D, E respectively). MT-IIA promoted 
regenerative axonal growth into the lesion site at both the pial layer (D) and deeper 
cortical layers (E). In contrast, very few axonal extensions were visualised in control 

35 rats, at the pial level (F) or deeper cortical layers (G). Arrowheads indicate the injury 
tract. 



WO 03/105910 PCT/AU03/0U735 

8 

Figure 5 shows immunohistochemical staining against SMI-3 12 (green) and 
ferritin (red) 4 days post injury. SMI-3 12 immunoreactive axonal extensions were 
often found in close association with small round microglia at the pial surface (A, B). 
Contrastingly, axonal extensions in deeper cortical layers were often not associated 
5 with larger, amoeboid microglia (C, D). Regenerating axons often exhibited a wavy 
morphology, as if they were constantly changing direction. Occasionally, pyramidal 
(indicated by arrow, C) and bulb-like (indicated by arrow, D) accumulations were 
observed along axonal sprouts. 

The above experiments clearly indicated that the administration of recombinant 
10 MT-IIA dramatically increases the rate of recovery from physical injuries. In 
combination with the tissue culture experiments, this work indicates that the 
administration of MT-IIA following central nervous system injury acts directly on 
neurons to increase the rate of axonal extension into the lesion. 

15 Example 2 

Turning now to the effect of human MT-m as contrasted to MT-IIA, a series of 
experiments were conducted as detailed in Figures 6 to 12. Referring firstly to Figure 
6, the effect of MT-III on neurite formation is shown in Figure 6 A in the presence of 
adult rat brain extract at 150ug/ml after three days. Figure 6B shows neurite bearing 

20 neurons indicated by the arrows. The percentage of neurite bearing neurons is shown 
in Figure 6C and the number of neurites per neurite-bearing neuron is shown in Figure 
6D. From the above it can be seen that MT-m significantly inhibits neurite outgrowth 
in both instances at the concentrations tested (p < 0.01, ANOVA). Referring now to 
Figure 6E human MT-IIA had no effect on initial neurite outgrowth over three days. 

25 As assessed by both the percentage of neurite bearing neurons or as detailed in Figure 
6F, the number of neurites per neurite-bearing neurons. Referring now to Figure 7, it 
has been shown that human MT-m prolongs the process of neurite retraction from 0-2 
and 2-4 hours after plating as can be seen with reference to Figure 7A Following this, 
the rate of neurite elongation is reduced. Referring now to Figure 7B, in contrast to 

30 this, application with human MT-IIA significantly increases the rate of neurite 
elongation. 

The distribution of neurite lengths three days after MT-m treatment is shown in 
Figure 8A, where it is clearly indicated that while MT-m significantly inhibits neurite 
growth, a small percentage of neurites were unaffected and grew to lengths comparable 
35 to vehicle treated neurites. In contrast to this the distribution of neurite lengths 
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following MT-IIA treatment indicated that a number of neurites grew to lengths greater 
than that of vehicle treated neurites as can be seen with reference to Figure 8B. 

Fluorescent double immunocytochemical labelling of cytoskeletal changes both 
tau shown in red and pill-tubulin shown in green twelve hours after axonal transection 
5 are shown in Figures 9 A Panel A and 9A Panel B. In contrast to this, treatment with 
MT-IQ reduced regenerative neurite sprouting compared to vehicle treated samples as 
shown in Figures 9 A Panel C and 9A Panel D . 

The transection site is indicated by a broken line and there is a large area of 
retraction away from this line. Sprouting neurites are indicated by arrows. The MT- 
10 HA treatment increased both the number and length of reactive sprouts following injury 
and this is detailed in Figure 9A Panel E which details the vehicle example and 9A 
Panel F which indicates the MT-IIA example at lug/ml (check, please). 

Referring now to the eighteen hours post axonal transection. This is shown by 
flourescent double immunocytochemciai labelling of cytoskeletal changes, both tau 
15 shown in red and piEE-tubuiin shown in green. The MT-IIA can be seen to have 

promoted reactive axonal growth across the entire transection site shown in Figure 9B 
Panel A. In contrast such axonal growth is not observed following treatment with 
either vehicle as shown in Figure 9B Panel B or MT-III shown in 9B Panel C. 
Treatment of samples with human MT-III significantly inhibited both the 
20 number and length of reactive sprouts at a twelve hour interval after axonal transection 
in culture. However, treatment with human MT-IIA significantly increased the mean 
neurite length of reactive sprouts at 12 hours after transection . These findings are 
detailed in Figures 1 OA and 1 OB. 

25 Example 3 

Further experimental work was done to test the effect of MT-IIA and these 
results are shown in Figures 1 1 and 12 under immunohistochemical studies for SMI- 
312 (green axonal marker) and ferritin (red microglial marker). Referring firstly to 
Figure 1 1, the results at four days post injury are shown where the needle stick injury 

30 resulted in a large injury tract and microglial migration into and surrounding the injury 
site shown in Figure 1 1 A MT-IIA treatment promoted the formation of a tissue bridge 
enclosing the lesion site from the pial surface down so as to form a tear drop like 
invagination shown in Figure I IB. MT-IIA further promoted axonal sprouting into the 
lesion site at both the pial layer as shown in Figure 1 1C and deeper cortical layers 

35 shown in Figure 1 ID. In contrast to this, very few axonal sprouts were visualised in 
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«i figure The arrow heads indicate the injury tract 

Figure 12 shows detaib of further experiment*! work on bratn sections « 7 days 
po» ,n W h vehrcle seated ra«, the ,„ Jury , (acl was smaJler four Y 

»« ve sprouhng „ evident « ^ „ ^ ^ pom , „ shown * 
Reactive processes exhibited greater SMI-3 ,2 reactivity Oran » J^, ^ 

M * ™« - -f- along Ute 

borders of *e w ««, K showi „ ^ , a h ^ ^< 

rr?" 4 ""^ Reactiveastrocnes also enclose theory 

™ r^Tu " '° Wer *"* m -"<«- *~ » Figure 

shown "J — * ~*« — 3 were obTrved as 

rigure 12E and pial levels shown in Figure 12F 
Example 4 

o,„n MamP ' C eXam, " ed *' ""*°P"X««« and/or oeuroregenerarive 

properties of exogenous MT-l/Uar four weeks nAw ™, I . . . " e ™ VE 
20 nerv. in ,H,.t. . ■> . uaIroUfw eeks after complete transection of the optic 
□en/e in adujt rat. Rettnai gangjion cell (RGC) survivaj was assessed in retinal 
•Mnwi uauag TUJ-1 inrnaunore^viP, Following to-vitrea, MT-W, 
•tanrstrauon, 24,. of ROCs s^vcd com parcd to M and 11% J£ " 
"ansechon onjy and tr^s^ , PBS ^ ^ 
were visual. <:t»H k v pad^ • lulure ? axons 

•he Wnaecrion sire exIT ' " mm,S R ° C " 0at tad *» 

nerve For^MT ^ ^ a P proxlnlate 'y 50-70% of the length of the proximal 

admtntsrraln I """"" m0del «°S»ous 

Keterence is made to Figures 1 3 to 1 7 as follows: 
Figure 13 

35 MT-WI administration via intravttreai ini^rt^n , a ■ 

transection site inH w / J d a gdfoam cu ff around the 

ansecnon s.te .duced stgn.ficantly greater RGC surv.val compared with ON 
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transacuoo only aninuds and PBS/ZnS04 connote, (ncnases in RGC survival 
observed in PBS and ZoSO. inject and PBS cuff groups were no, ^.icaUv 

di n <»*«»te^ Re** a,e m ean 

density values ± SD. 

5 

Figure 14 

Following ON uansecrion, ,here was a decrease in the number of .arg. RGCs and a 

- Z™X sman RGCi However ' fo " ow,n8 MT - M ^ «*» 

and large RGCs were more numerous ton m to 0 N cu, only group. Da,a are 
10 prated as to prevalence of R0C soma s, 2 e (•/., ^ « h re[iMl quadram 

Figure 17 

(A) Confocal unage at 4 days alter optic nerve transection illustrating abrupt 

15 ^ ,abeHed 3X0,15 " to tt — *■ site -ow). (B,C) D,l 

1 5 ^terograde <abel„n g at 4 weeks after ON transecuon + MT-IN injection shUg 

nT™ 7 T crossmg 1,16 lesion s,te (Iarge otow) Md extendi ^ ™ - <** 

nerve <B). Leadtng axons extend approbate* 1 000 u ra into the drstal nerve (small 

20 MATERIALS AND METHODS 
Animals and Surgery 
Anim als 

25 — t^iT !f°" femaie PVG h ° 0<,td raB (18 °- 200e ^ — — ■ 

Op.). Tenrnnal anaesthesia was by injootion of pentobarbitone (O.lml/lOOg bwf 
coufomaed ,„ to NaIionaJ Heal „ & ^ ^ 

30 tot" nl °" ^ ^ rfE »-*— ' Ao-ls and wttb applv^m 

fn=I<n ,. , lf ^ " BS) f ° mtravi *«' cavity of the right eye 

"tor m ^ TT" *" ( "" g) °' + with 

PBS (n-4, or ZqS0 4 ^ 32ng/p„, « ON «ns«e,io„ ♦ PBS adminianauon .0 
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a gelfoam cuff ( n =4) around the transection site. In further controls, ONs remained 
mtact but animals received an uitravitreaJ injection of MT-I/-II (n=4) or PBS (n=5). 
Normal animals were also investigated (n=7). 

5 Surgery 

ON Transection 

Rats were deeply anaesthetised, the nght ON exposed intraorbital^ and the 
nerve sheath cut transversely except for the ventral aspect that was left intact to avoid 
damage to the ophthalmic blood vessels. The nerve parenchyma was lifted using 
hooked forceps and completely transected with iridectomy sc.ssors approximately 1mm 
from the back of the eye. The cut ends of the nerve sheath were then sutured together 
10-0 thread). The completeness of transection was confirmed by anterograde labelling 
(see Methods: Tissue Preparation). Any ammals with ischaemic retinae (determined 
ophthalmoscopically) were discarded. Rats were maintained for 4 weeks 
1 5 Intravitreal injection 

were performed immediately following ON transection. 
MT-I/-II or control solutions (PBS or ZnS0 4 ) were administered via a stereotactically 
posted 30-gauge needle attached to a 1 Oul Hamilton syringe. A final volume of 
2.5ul was administered via tw 0 injection sites (nasal and temporal) 
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Gelfoam cuff 
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After ON transection a gelfoam cuff soaked in MT-I/II (lOOng/ 1) or PBS was 
inserted under the nerve sheath at the transection site. Gelfoam was applied at multiple 
locations around the nerve to ensure that the injury sue was complete.y encapsulated. 

Check for absence of toxic effects 

„o„ J!""'™"' aI ' yl,<>,eMia, 'o™ « ff «« T ">« inj«=«d stance* we examined 
non-ON transected animala receiving ,„ taviIreal tojecdons ofMT _ m m pB$ ^ 

comp^d to to oonp.1 animala Rau mainKllKd for 4 WKfe ft 

r - ' njeai0n - T ° ,ab " RGCs > ^stal of the tracer ftuorogoid 

CFG) was applted W *. ON approximately 2mm ftom the back „f the eye 3 days before 
fcmt.nl anansthesta. Non-specific leakage of the tracer beyond the iocal insertion site 
w as minimal. 
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Tissue Preparation 

Rats were terminally anaesthetized and transcardially perfused with 0 9% 
sodium chlonde followed by 4% parafonnaldehyde. 1* right eye and ON were 
dissected from the surrounding orbital tissue and post-fixed ut 40/0 parafonnaldehyde 
for 24 hours. Both RGC counts and axon measurements were made within the same 

ZZZ7oc * e retina from ** nwvc prior t0 labe,,ing ^ Tuj 1 - 

from OV : ^ m C0UntS WCfC rCrind Wh ° lem °^ S; «» «ts 

from ON secnons. Ner.es w ere cryoprotected by immersion in 15% sucrose in PBS 

ov^ght. HonzontaJ serial secuons (16 m) were collected onto Superfros,® P,us 
1U glass slides and stored at -70 °C. 

P«*kn.) .racing was performed on 2 group, 0 f rau: MT-l/H injeced ON uanseced 
animals ma. surv,ved for 4 weeks („= 6 ) and annuls tha, had undergone ON 

(n-3). Crysuls of D,I were placed on the ON head ami aliowed ,o banspor. u, a 37°C 
mcuba,or for 4 week, N„ves were men sectioned honaon^v a. ,20 L usiag a 

^ * es «'°f''amee,,„o.co, U l ;n , uls u,eco m pl,,e„e Kofsur6ny(F , gure|7A) 
ImiQuoobistocfacniistry 

. 500 ^sTo^rrtr «»— prt ^ aubbodvd.iu.ed 
500 w„k PBS ♦ 0.2% mrooXlOO in a burnm chamber ovemigh, ar 4°C. Antibody 

*** coversbpped us,„g Huoromoun, O „d viewed using a conventional 
MowlT " PBS + 02% *'« * 10 minu.es 

~1 T Pr0bK> ~" d "* GAP « - viewed usrng 

conventional fluorescence microscopy. 
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Analysis 
RGC Counts 

RGCs labelled with FG (BP 340-380 excitabon filter) and TUJI (BP 450-490 
filter) were counted in 24 representative, non-overlapping rectangular sample fields of 
191.16um x 257.14um (6 fields in each retinal quadrant; 3 retinal eccentricities, 1/6 14 
and 5/6 of the retinal radius). Each sample area was photographed at a final 
magnification of 250x ustng a digital camera. Manual cell counts were made ustng 
ImagePro® tmage analysis software. The total number of labelled RGCs per retina was 
calculated by multiplying the mean cell number per sample area by the area of the 
10 retma. Counts were made whilst blind to the treatment group. 

RGC Sizes 

RGC soma area was calculated for normal animals, ON transection only animals 
and ON transection + intravttreal MT-I/II. Two hundred cells were analysed per retina, 
similar to the procedure of Vidal-Sanz et al. (1987). RGCs were analysed in sample 
frames talcen from peripheral retina only, since cell size within classes has been shown 
to vary wtth retmal eccentnety. Fifty cells each from dorsal, nasal, ventral and 
temporal retma were manually traced and the soma area computed RGCs were 

20 noo 250 to T °T e broad *r based on ** ~ sma11 (<9W ^ med - 

M ( 1 00-250 um') and large (>250 um 2 ). 

Axon Measurements 

TV transected ON was analysed as segroenu proxunal and disal to the lesion 

kngfl, of the proxunal nerve. For the W nerve segment, the disrance tha, regenerated 
axons projecred beyond the rranseehon sire was measured and is presented as raw 
ROC axons were photographed a, a find tnagnrficadon of 250X and diaumcea 
30 f ^ ' ne ™ , M '*- — «* on ON 

nMve head ' proximai — ^ sik » d *- — 

ROC counts and axon measurement were analysed ustng ANOVA (StatView, 
and P values calculated using me Scheffe post hoe tear. 
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RESULTS 
RGC Counts 



In normals - to ^ ao almost 100% correlation between FG tracing and TUJ1 
labeling („ot shown), supporting the use of TUJI as a specific marker for RGCs. 

Intravitreal injection 

n>e average RGC density fo, normal animals was 2145 ♦ 1 79 cells/mm 1 
10 aZT' k ' P ° PU '" i0 " ° f " 4 - 032 ' ""^ *— ° f MT-1/..I o, PBS in 

>W ♦ 0 RGCsW; PBS: 1966 +18 RGC W). Indeed the d.srtWon and 
mo*ho og, o, RGCs was indisnnguishable benween antmals receding MT-I/-II or 
rb^ and normals. 

20 RGCs/mm , equrvalen, ,„ 8% 0 f ^ „„„„„,,,„ ff 
not significant v different to>0 n<r. fr™, r,xr 

(244 + 49 RCC , Tc f ^ eCt, ° n anUMla ^ p BS-injection 

U<4 . 49 RGCs/mm ) or ZnSO.-uyecUon (245 + 85 RGCsW) 

RGC , lDtraV ; tr " J K MT - I/ - 11 ^tration produced a sigmficant urease (p<0.05) in 
20 24/, of me normal RGC population or 27,200 RGCs in total. 

Gelfoam cuff 

25 .ansJof r**™ 0Wi ° 8 10 2 etlfo » the 

PBS » and, again, was no, sigmfiean,,, diff„ ent (p>0. 05) &om J^, 
ON transection only animais. However ut wu ,a - ■ > a""" aanvivtl in 

resulredin..- •« - ™*«™'. MT-l/II adiranrstrauon via a gelfoam cuff 

^ , r'Z m ' ^ » 0N — *■ only and PBS 

cuff animals (p<0.05) with 404 + 01 vrr , 2 ^ 

30 ««, RGC „r ' C " ***** " l9% ° f 



RGC Sizes 



MT-i/,n"««iot r^c ^ °°' m " ,! ' ° N W " s ""°" ^ - 0N — — * 

i/u injection, RGC sizes ranged from 54um 2 4*A„rr, 2 „ x 
ic . 5 uuxu JH i Jj n -48€>^im in area In normal rat* 

3 5 approximately 75% of RG^w^m^ ^normal rats, 

— (-a < , 9)m W £ ^^TnT 100 " ^5W, • 2 ° % 

targe (>250um ). After ON transection, there was a 
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016 0N transection only group. 
Axon Measurements 

or ON ^^T^' 1 * ~ 31 4 WMkS ^ ° N «* 

W were ^ mMged ^ fc ^ * J* * >■ 

-d exfcbrted puncra* By contrast, « ons in ^ aainp ^" 

>» * MT-I/H injection no, on* reUlned ^ ^ „ J J ™ 

00 *177 " ° fte " ° bSeWd W "* »«-*■ ~ wi* axons 

Q-"~y. axons „ the ON .ransection only poop tended 47 ♦ , 0% of ft. 
' » ™g* of*. proxi.ai „ t(ve , 0N + pBS mjKKd ^ 

■o^uong at 100 0/. of the proxrmal nerve (ie. a, the transection site; Figure 4) 
Moreover, arumais in the ON transection only or PBS injection + ON 

20 rsr M rn y Iacked GAp43 - ,abe " ed «« ^ — *- 

In , ' l> " "* MT - WI -tor^tion 

d~ed axons projecting an aveeage of 346 + 288 m pas, the sitt - of 0N 

sTJ^l n MC '° S ' " — *™* u " • '"0 - ^»„d the 
site of opnc nerve transection (Figure 17B, C). 

5 Ml* ^""V"*™*** single adsninisntion of exogenous MT-I/-II 
follow^ complete optic nerve (ON) Section in aduj, rat has profouud 

M T~« ~ -oca a suostaotia, 

propomon of oxotomraed RGCs from dearh, as well aa stimnlanng RGC axon 
tog«e ra „„„ Kross *e site of Section ,„,o the disserve 



MT Action 



— Jr:t 3 w,al rgc popuia "° n su ™ d 4 "* - ° n 

Meeting rha, ^ * ™' ■""■"» «— 

Fori Z 1 1 ne " 0P '° ttC " Ve m ™> ' - aid ch OT ical 

exampie, tr^^ mict |ackln8 ^ „ ^ 
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* of rK ° V " ^ "** — 

5 understock T^'" m " :h ' U,iS,m """"^ neuroprotecon are m VH 

modulate ihe mflammaroiy response MT-I/-II null mice have , prolonied ^ 

modulate the « , K po. e fo „ owin g oortoal cryole , on J£^*"" " 

apoptouc nanscnpuoo ftcIorj „ uclMi ftcMr lacLtMTin 
show uicreased susceptibUi.y m „ cmpmi (o ^ ^ J; 1 -* 
Other studies sugges, protective anion of MT is effected hv „l, 

smustase. Furthermore, zmc has also bean shown » intern wirh ^ eMV „„ . 
imTstn ' f °" 0Wi ° 8 ° N *■ — acnon oLt' 

25 nmnJlT ^' 8mS vert ^ e ' ess ' inrnmohistochemical and 

•uoDgnd. a*on wemg swdiea revealed tha, MT-I/-U a upp0 „ s RGC m „ 
'egener.,,00 across the lesion site M d inro ft. dtstaj nerve By corZ, Z, 
eonoo animals had r»i,,„.j c , - ^ contrast, RGC axons in 

70% of a* had i re " cttd fr ° m *• -cinity of the transection site, filling only 50- 

n.-e g enera,,veac t ,o„r i rr^ot::Ir MT r ,eXeroi,S 

for the application of MT mi differential response we observed 
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Comp.ro.. of MT wUh other .eor.pro.oc*.. . gMU 

irtos Jr V " " f adU " " R0CS Pr °"" >ttd " y a injection of 

RGC surv.v* „ reponed hHe p<% suivivaJ) ^ on 
only . 3 fold greater than control,. B, ronMa> in „, t 

ontrola cchiotted only « RGC «^ maBtolg ^ * ^ ~ 

3 f,l I—— ,„ sunnva,. Two other K pecu differ between ft. Lies aod Z" a 
10 possibly greater efficacy for MT l/!f Rcc * , ^ 

a ,oca,, 0 „ to a TOre ^ onscI of RQC ^ _ ^ 

" noorr, ' , ' S ^ ibklha,MT - I/ - nwOU,<l ^^»^opro tt ctio.aod 
neuroregeooratior, if i, wet. inject .note frequently ^ ft e smg|e 

, — «.--^T^^:^:r ,, ' fl,, 

teceo. StUd,eS ^ ° 0ttd "" k * Pr0M<:t " > " ° f RGCs ««• ON rraruection In 
tecent snadtes exaituJm , g RGC survtva, 2 weeks after ON Section i„p avl ^ 

ad_°" of etyftropotehn a. 0, 3, 3 and !0 days produced a 0.9 fold £L i„ 
Comparison of MT with other »e„ roreg ene ra t.ve .gent, 

-* ^zzz r reeeneration " by ^ - — * - 

UN suggests that the prolan is one of the most potent of reported 
■Hfttrcato £ZZ » ft P " to " d ^ or eyen 
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dommanr-negative form of NgR (NgR(DN)) also inched axon regeneration several- 
fold; however, when & ^ program of R0Cs ^ ^ 

expression lacked beneficial effects. 

zr rr 8m ^ *■ eye fo "° wing ^ -* ~ 
x K od,„ g ,„ beyond , he crosh siK ^ 2 we ^ wiih te most 
io r r simihriy - BMTy ei ai ' a996) ^ rcc — 

b* mstanccs generation appear supetio, to to mduced by MX-,.,, (maxim 
axon regrowti, of = 0.75nn„). th, srudtes employed a leas severe utjurv mode! 0 7 
«* rather than transection and were performed a, a ^ dis Jce (2mm ftole 

own 7 . B *~" «W «« » macrophage snmulaaon, Lea*d 
lor r.growlh ot axons throu 6 h the glial scnr. 

RGC axons more readily regenerare mm a paripberal nerve graft an effect 

20 L^v ™ T, SyDer8,SUC effK,S ° f ' CAMP « of Nogo-neutralmna 

anhbody (N-l along with ciliary neurotrophic factor. Similarly, brain derived 

neurotrophic factor (BDNF) induced ROC axon regeneration into autologous 
connect „sa„ c chamber! impUmed ^ , ^ ^ ^ ^ ^ ^ 

Tie above detailed examples demonstrare the clinical applicanoo of MT-IIA in' 
promormgnervecel, survtval. promoting neuron, regenemtion and gener^ 
enhancmg neunte dongation whbou. onuaing impropriate neuronal sproutmg 
inventio^tlT^^^-^^^-of^ 



Indication 



Alzheimer's disease | Promote nerve cell survival. 

Promote neuronal regeneration. 
Buffer metals implicated m 
development of pathological 
hallmarks, 



| Role of MTI/II CLIA} 



It was demonstrated that 
MTI/II is upregulated in 
early stages of the disease 
(published) 
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Parkinson's disease 


Buffer metals implicated in 




Promote nerve cell 


toxicity. 




survival Promote 


Evidence of abnormal 




regeneration. 


metal homeostasis in the 






brain as well as 






neurodegeneration. 





disease 



Promote neuronal regeneration. 
Buffer metals implicated in 
toxicity. Reduce oxidative stress 
implicated in neuronal 
degeneration. 



Evidence of abnormal 
metal homeostasis in the 
brain and spinal cord as 
well as neurodegeneration. 



WO 03/105910 



11 



PCT/AU03/00735 



Head injury 


Promote nerve cell survival. 
Promote neuronal regeneration. 


It was shown that MT 
I/II is upregulated at zone 
of injury. Recombinant 
protein promotes brain 
healing and axonai 
regeneration 


Spinal cord trauma 


Promote nerve cell survival. 
Promote neuronal regeneration. 


Evidence of delayed 
neurodegeneration and 
spinal cavitation following 
injury. The recombinant 
protein is potentially 
capable of promoting neural 
healing and regeneration. 


Glaucoma 


Promote nerve cell survival. 
Promote neuronal regeneration. 


Axonai damage followed 
by neurodegeneration 
underlies the disease. 
MTI/n may potentially 
promote survival of nerve 
cells and/or appropriate 
regeneration. 



It will be appreciated by persons skilled in the art that numerous variations 
and/or modifications may be made to the invention as shown in the specific 
embodiments without departing from the spirit or scope of the invention as broadly 
5 described. The present embodiments are, therefore, to be considered in all respects as 
illustrative and not restrictive. 



